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ABSTRACT
The variance-covariance structure of a Louisiana sugarcane 
(Saccharum spp.) population was estimated and used to calculate 
correlation coefficients (phenotypic, broad-sense genotypic and additive 
genetic), narrow-sense heritability and measures of additive genetic 
variation and gain under selection. Four progeny from each of 20 
crosses were grown in plantcane, first ratoon and second ratoon crops at 
the St. Gabriel Research Station of the Louisiana Agricultural 
Experiment Station.
Broad-sense genotypic and phenotypic correlations were calculated 
and subjected to path-coefficient analysis to study direct and indirect 
effects in a set of cause and effect relationships involving sucrose 
yield. Broad-sense genotypic relationships are useful to sugarcane 
breeders during the field selection of sugarcane cultivars because 
sugarcane is asexually propagated which fixes all genetic components of 
variation. Selection priority between asexual stages of reproduction 
should emphasize cane yield over sucrose concentration. When cane yield 
cannot be measured directly, stalk number should be given greater 
emphasis over stalk weight and its components. High Brix and low pith 
indirectly increased sucrose concentration in the population.
Parents contributes one-half of their additive genetic effects to 
their progeny during sexual reproduction. Narrow-sense genetic 
variation is useful to the sugarcane breeder during the crossing of 
parents to produce improved progeny. Additive genetic path-coefficient 
analysis revealed cane yield, followed by sucrose concentration, was the
viii
main contributor to sucrose yield. Crosses involving parents with high 
Brix and low pith will most likely yield progeny with high sucrose 
concentration. Stalk number was the sole positive contributor to cane 
yield at the additive genetic level.
Additive genetic coefficients of variation indicate potential 
future gains in sucrose yield would be greatest by emphasizing cane 
yield and its primary component stalk number over sucrose concentration, 
These data also indicate sufficient variability in sucrose concentration 




Sugarcane is a mainstay of the south Louisiana economy. Jesuit 
priests first brought sugarcane into Louisiana in 1751, and it quickly 
became the predominant crop in the region. Sugarcane was first utilized 
in south Louisiana to produce an intoxicating drink called tafia before 
coffee and tea were available to French colonists. The Continental 
Congress in 1776 immediately moved to protect sugarcane, and a sugar 
program was its second act of legislation (Plume, 1988). However, the 
large scale, practical use of sugarcane as a sweetener source was not 
realized until 1795 when Etienne de Bore1 first crystallized sugar from 
sugarcane in the United States. Sugar quickly became "king11 in south 
Louisiana.
Sugar production from sugarcane grew steadily in Louisiana in the 
nineteenth century despite a small respite during the Civil War. Early 
acreage was dominated by cultivars selected from Saccharum officinarum. 
During the late 1920's, Louisiana's sugar industry nearly collapsed when 
sugarcane mosaic virus and a root and stalk rot disease complex caused 
severe yield losses. Temporary relief was realized by the infusion of 
disease-resistant cultivars from Java. However, the sugar industry 
looked for long-term solutions through the breeding of new 
disease-resistant cultivars. The U.S.D.A. established sugarcane 
breeding programs in Canal Point, Florida and Houma, Louisiana to 
produce disease-resistant and tolerant sugarcane cultivars adapted to 
Louisiana growing conditions.
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Henderson (1976) discussed the potential problem of genetic 
uniformity in sugarcane as a source of vulnerability to diseases and 
insects. He stressed that breeders should devote more attention to the 
incorporation of greater genetic diversity into their cultivar-selection 
programs. To broaden the genetic base of the Louisiana sugarcane 
breeding population, breeders have and continue to incorporate germplasm 
from hybrids of officinarum, S. spontaneum and robustum. Hybrids 
of S. officinarum are juicy, low in fiber and high in sucrose, while 
hybrids of spontaneum clones typically are pithy, hollow in the 
center (tube), low in sucrose, small in diameter, vigorous and resistant 
to sugarcane mosaic. The vigor and disease resistance of S. 
spontaneum-derived clones has effectively increased ratoon longevity and 
sugar yields in Louisiana (Dunckelman and Breaux 1967). Although used
to a lesser extent, hybrids of robustum offer the breeder great stalk
diameter, stalk height, erect growth habit and vigor. Dunckelman and 
Legendre (1982) reported that various grasses from genera closely 
related to Saccharum have been successfully hybridized to it. These 
include Ripidium, Hiscanthidium, Mi acanthus, Sclerostachya, Eccoilopus 
and Sorghum. With this influx of diverse germplasm, cultivars grown in 
Louisiana are now considered to be complex interspecific hybrids of 
Saccharum.
Quantitative Genetic Theory
Kempthorne (1957, p. 9) defined quantitative genetics as follows:
The aim of quantitative genetics is then to develop validated
models for phenotypic expression in the face of partial
nonidentifiability of genotypes and partial 
non-identiflability of environments.
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Kemp thorn e expanded his definition of quantitative genetics in his
overview of the field of quantitative genetics at the Second
International Conference on Quantitative Genetics (Kempthome, 1988):
and to develop a validated model of the dynamics with respect 
to phenotype of populations under natural or artificial 
selection and to develop use of such a validated model to make 
choices among the huge number of artificial selection 
procedures that the human mind can invent.
Phenotypes that are quantitative in nature and continuous in
distribution are referred to as quantitative characters. During their
genetic transmission! there is an absence of segregation into readily
recognisable classes showing typical Mendelian ratios. Nearly all
traits of economic importance in sugarcane exhibit quantitative
inheritance (Skinner, 1971). Skinner (1970) also showed that characters
such as lodging and arrowing (flowering) often demonstrate discontinuous
expression but have an underlying continuous variable.
The typical model used to describe quantitative inheritance is:
P = G + E
where the phenotype, P, is the consequence of the genetic constitution 
of an individual, G, as it is modified by its environment, E. The model 
assumes no correlation between genotype and environment. Falconer 
(1981) states that correlation between genotype and environment is 
seldom an important complication and can usually be negated in 
experimental populations where randomization of environments is one of 
the chief objectives of the experimental design.
Genotype by Environment Interaction
However, when genotypes and environments interact, the model must 
be expanded:
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P = G + E + G*E
where G and E are as previously defined and G*E is the interaction of
genotypes and environments.
Testing individuals at a single location or in a single year 
introduces bias if genotype by environment interaction is present. 
Comstock (1955) reported that genotype by environment interaction 
variances are confounded in the genetic variance, inflating the genetic 
variance, when locations and years are not considered in the 
experimental design. Rojas and Spraque (1952) investigated the 
consistency of estimates of genetic variances in c o m  when experiments 
were carried out over years and locations. They suggested that cross by 
year and cross by location interactions might make contributions to the 
nonadditive genetic variance. Gardner (1963) showed that both additive 
and nonadditive genetic components interacted with the environment, and 
experiments showed that the bias in estimates of additive genetic 
variance due to genotype by environment interactions was on the order of 
50 percent.
Skinner (1971) concluded that the optimum number of locations and 
years for sugarcane cultivar trials depends on the size of the variety 
by location and cultivar by year interactions. Milligan (1988) reported 
significant genotype by location and genotype by year interactions, 
often of near equal magnitude, for sugarcane yield traits. However, the 
largest genotype by environment interaction component was genotype by 
location by year. He concluded that cultivar trials over many locations
covering the complete sugarcane crop cycle (plantcane, first and second
ratoon) would provide the single, best means of identifying superior 
cultivars in Louisiana.
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Lin et al. (1986) presented a review of stability statistics useful 
in identifying a cultivar's stable performance across environments. Tai 
et al. (1982) evaluated phenotypic stability in sugarcane by measuring 
regression coefficients and mean square deviations from regression 
coefficients. The authors suggested that stability analysis could 
provide supplementary information on the performance of new sugarcane 
selections prior to release for commercial cultivation and increase the 
efficiency of cultivar development programs. Kang and Miller (1984) 
expanded this work using Shukla's unbiased stability-variance parameter 
(Shuklat 1972)i Wricke's ecovalence stability index (Wricke, 1962) and 
Plaisted and Peterson's cultivar by location component of variance 
(Plaisted and Peterson, 1959), and demonstrated that the Shukla and 
Wricke methods had a rank correlation coefficient of 1.00. Plaisted and 
Peterson's method was shown to be cumbersome and would have little 
application when a large number of cultivars are evaluated. Kang and 
Miller (1984) also stated that stability-variance parameters may also be 
used to compare stability of various experimental cultivars to that of a 
check. Selected cultivars should have high mean yields and low 
stability variances.
Competition
Plant competition can also have an effect on genetic component 
estimation. As demonstrated by Sakai (1955), genetic variances are 
biased upwards by competition. A model was developed by Skinner (1961) 
to estimate competition variance in sugarcane for various plot sizes. 
He showed competition variance was much greater than genetic variance 
for yield in small plots (two-sett or four-sett plots). When larger
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three-row plots were studied, the competition variance was much smaller 
than the genetic variance. Hogarth (1977) reported inter-plot 
competition in sugarcane was unimportant, but several characters, 
notably cane yield, exhibited substantial within-plot competition. This 
type of competition did not affect estimation of genetic variances.
Partitioning the Genetic Variance
Of further interest to plant breeders is the partitioning of the 
genetic component:
G = A + D + I
where G is the genetic constitution of an individual, A is additive 
genetic variance, D is dominance variance and I is epistatic variance, 
or the interaction of nonallelic genes. Fisher (1918) first introduced 
the concept of partitioning the genetic variance into additive, 
dominance and epistatic components. Cockerham (1954) further defined 
the epistatic variance in portions for the interactions of additive and 
dominance components.
The variance-covariance structure of a breeding program is vital if 
the value of quantitative genetic theory is to be realized. Henderson 
(1986) summarized some of the uses of variance and covariance estimates 
in animal breeding:
1. Construction of selection indices,
2. Mixed model BLUP (best linear unbiased prediction),
3. Estimation of heritability and of genetic, environmental 
and phenotypic correlations,
4. Planning breeding programs, and
5. Interpretation of the genetic mechanism of quantitative 
traits.
Sugarcane is asexually propagated. As a result, nonadditive and 
additive genetic effects can be used during the asexual stages of
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reproduction (Comstock et al. 1958); therefore, selection decisions 
based on genetic information will take advantage of additive, dominance 
and epistatic sources of variation. On the other hand, new sugarcane 
cultivars are produced by hybridization which, takes advantage of the 
additive genetic effects. Therefore, estimates of additive, dominance 
and epistatic sources of variation are important in determining 
selection and hybridization strategies.
Heritability
Narrow-sense heritability is the extent to which an individual's 
phenotype is determined by the genes from its parents. Broad-sense 
heritability is the degree to which an individual's phenotype is 
determined by its genetic constitution. Lush (1937) defined these terms 
for animal breeders, but plant breeders apply these concepts as well.
Hogarth (1968) summarized the problems plant breeders have faced 
with the different methods of heritability estimations. Genetic 
variability used in the numerator for heritability calculations refers 
to either additive or total genetic variance. The experimental unit in 
animal and plant breeding presents the major distinction of the use of 
heritability between the two disciplines. Animal breeders use 
individual animals as the experimental unit, but in plant breeding the 
experimental unit may be the individual plant, a plot, or plots 
replicated in one or more environments. Hanson (1963) noted that the 
nature of the genetic variability defined, the experimental units and 
the inference population assumed all have an effect on the definition 
and estimate of heritability in plant breeding. For this reason, 
several heritability estimates can be estimated from one set of data;
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therefore, a clearly 6tated method of calculation should accompany all 
heritability estimates.
Burton and DeVane (1953) reported that heritability in the 
broad-sense could be calculated in asexually propagated plants by a 
comparison of clones. Total genetic gains from selection can be 
calculated if vegetative propagation such as cloning is used. Hanson 
(1963) considered heritability estimated by comparing clones as a 
meaningful statistic.
Narrow-sense heritability is useful to sugarcane breeders in 
deciding upon hybridization strategies. Estimates of additive genetic 
variance require special factorial or hierarchical genetic experimental 
designs. Hogarth (1977) summarized information using a diallel cross 
design and concluded that a diallel cross with sugarcane is difficult 
due to incompatibility, male sterility and pollen contamination 
problems. He suggested that the factorial mating design would be a more 
practical design for sugarcane genetic studies. Use of several sets of 
crosses, each set having only a small number of parents, a factorial 
design can be easily achieved.
Correlation and Path Coefficient Analysis
Correlation analysis is useful in determining the linear 
relationship between traits. Selecting for a particular character can 
often effect changes in another character if a relationship exists. 
Broad-sense genotypic correlations can be calculated to indicate the 
inherent genetic relationship between characters for the purpose of 
selection. If the correlation is high, the level of a character can be 
estimated without measuring the character itself. Indirect selection is
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discussed more fully by Searle (1965). If hybridization is of primary 
interest, then the additive genetic correlation should be used. Genetic 
correlations also have utility in the construction of selection indices.
Correlation analysis does not account for cause and effect 
relationships between a set of variables. To account for situations 
exhibiting cause and effect, Wright (1921) introduced path-coefficient 
analysis. The use of path-coefficient analysis requires a set of cause 
and effect variables with the direction being assigned by the 
experimenter. A path-coefficient is a standardized partial-regression 
coefficient which measures the direct effect of one variable on another 
and allows the separation of the correlation coefficient into direct and 
indirect effects components. Once determined, direct effects can be 
used to delineate the relative importance of traits, while indirect 
effects indicate relationships among traits. Path-coefficient 
methodology has been applied to population genetics and was discussed by 
Li (1956). Most plant breeders refer to the application of 
path-coefficient analysis by Dewey and Lu (1959) where it was used to 
assess the relative importance of the components of creseted wheatgrass 
seed yield. Sidwell et al. (1976) first used both phenotypic and 
genotypic path-coefficient analysis to assess the effects and type of 
gene action of selected yield-related traits on hard red-winter wheat 
yield.
Quantitative Genetic Studies in Sugarcane
Plant breeding is often referred to as both art and science. The 
art of plant breeding is accomplished during the subjective appraisal of 
newly-generated individuals. The art can be improved by the laying of
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a sound scientific foundation. The building blocks of the foundation 
include the disciplines of genetics, experimental statistics, plant 
physiology, plant pathology, entomology and others.
Lush (1947) stated that artificial selection has been practiced by 
man for thousands of years. The first plant breeders in sugarcane were 
likely groups of natives living near the origins of sugarcane. 
Saccharum officinarum is said to have it origins near New Guinea and 
Indonesia east of the Wallace line (Grassl, 1974). Many sugarcane 
taxonomists suspect officinarum resulted from many centuries of 
artificial selection by natives who selected large, sweet cultivars for 
chewing from populations of robustum. This selection of the "best" 
individuals was carried out for centuries, and produced large gains at a 
very slow rate. Quantitative genetics offers the plant breeder an 
accelerated means of population improvement.
Heritability Studies
Broad-sense heritability has particular use in a clonally- 
propagated crop such as sugarcane. Many researchers have reported 
broad-sense heritability estimates for various traits in sugarcane. In 
Australia, Brown et al. (1969), Hogarth (1971), Hogarth (1977) and 
Hogarth and Cross (1987) reported broad-sense heritability values for 
sugarcane traits such as sucrose yield, cane yield, cane volume, sucrose 
concentration, stalk number, stalk number per stool, stalk weight, stalk 
diameter, stalk length, fiber, Brix and stalk density.
In Brazil, Cesnick and Vencovsky (1974) reported broad-sense 
heritability values for stalk weight, stalk diameter, stalk length and 
Brix.
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In. Mauritius, George (1965) estimated broad-sense heritability 
values for stalk number, stalk diameter, stalk length and Brix.
In Argentina, Mariotti (1974) calculated broad-sense heritability 
values for cane volume, stalk number, stalk weight, stalk diameter, 
stalk length, sucrose, purity and stalk density.
In Florida, Kang et al. (1983) and Kang et al. (1984) reported 
broad-sense heritability values for sucrose yield, cane yield, cane 
volume, sucrose concentration, stalk number, stalk weight, stalk 
diameter, stalk length, Brix, sucrose and purity. Imran et al. (1988) 
reported studies on the inheritance of flowering in sugarcane.
Evan (1966), Dutt and Rao (1950) and Imran (1986) reported 
heritability estimates for pith in sugarcane. Milligan (1988) provides 
a comprehensive review of broad-sense heritability estimates in 
sugarcane and notes the wide-ranging and highly-variable estimates 
obtained.
Hogarth (1968) offers explanations of differences between genetic 
parameter estimates in sugarcane. First, the underlying assumptions of 
quantitative inheritance must be met. Cockerham (1963) discusses these 
assumptions and lists them: (i). diploid inheritance; (ii). no
linkages; (iii) random choice of parents from a population mating at 
random; (iv). no epistasis and (v). no differences between reciprocal 
crosses. Brown et al. (1968) and Hogarth (1968, 1971) reported that
these assumptions may be invalid in sugarcane,
Hogarth (1977) studied the potential problems of invalid 
assumptions of quantitative genetic theory as applied to sugarcane. He 
showed maternal effects not to be important. Secondly, epistasis was 
reported unimportant except for stalk weight. The study also indicated
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that failure to meet the requirements of diploid inheritance and linkage 
equilibrium for cane yield may have been due to a statistical problem 
caused by the small sample size of ten parents. With regard to problems 
with linkage equilibrium, only the coefficients of the epistatic 
components are affected (Cockerham, 1956). Bremer (1961) and Price 
(1963) showed that although the level of aneuploidy was considerable, 
large numbers of bivalents at meiosis were common. Price concluded that 
the cytogenetic nature of sugarcane approached allopolyploidy with 
bivalent segregation predominating. Hogarth (1977) concluded that the 
classical theory of quantitative genetics can be used in sugarcane. He 
stated that genetic assumptions may be violated, but that violation does 
not lead to gross error in estimation. As discussed earlier, both 
genotype by environment interaction and plant competition can also cause 
dissonance between genetic estimates.
Few estimates of narrow-sense heritability for sugarcane traits 
exist. In Australia, Hogarth (1971, 1977) and Hogarth et al. (1981)
reported values for cane yield, cane volume, stalk number, stalks per 
stool, stalk weight, stalk diameter, stalk length, fiber and Brix.
In Louisiana, several workers have reported on the quantitative 
nature of traits in sugarcane. Host commonly, traits were classified as 
being quantitatively inherited if they formed a continuous, apparently 
normal distribution over a broad range. Such was the case with sucrose 
concentration (Richard and Henderson, 1976); sugarcane borer (Diatraea 
saccharalis (F.)) resistance (Viator and Henderson), 1972; fiber 
content (Boquet, 1976 and Viator, 1976); lodging (Viator and Henderson, 
1976); stalk weight, stalk diameter and brittleness (Viator, 1976); 
mosaic resistance (Breaux and Fanguy, 1967); ratooning ability
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(Dunckelman, 1982), and response to the synthetic chemical ripener 
glyphosate (Gravois et al. 1984). Gravois et al. (1984) reported low 
broad-sense heritability on both a single plot and replicated mean 
basis.
Milligan (1988) augmented these studies by estimating both 
broad-sense and narrow-sense heritability values for sucrose yield and 
its components over a range of two environments using three progeny from 
each of 40 crosses. Cane yield, sucrose concentration, stalk number, 
and stalk weight had somewhat high narrow-sense heritabilities in a 
first ratoon crop; 0.186, 0.222, 0.270, and 0.212, respectively. Brix
had relatively high values in both plantcane and first ratoon crops, 
0.221 and 0.341, respectively. Heritabilities for stalk diameter, stalk 
length and stalk density were low for both crops, ranging from 0.048 to 
0.070 in plantcane, and from zero to 0.084 in first ratoon. Broad-sense 
heritability estimates were similar for all traits in both the plantcane 
and first ratoon crops and more in concordance with other reported 
results.
Correlation and Path Coefficient Analysis Studies
Several studies have been conducted to determine the association of 
yield components to various yield estimates. Hebert (1959) reported 
that stalk weight had a positive and significant correlation with cane 
yield. Although stalk diameter was not significantly correlated with 
cane yield, it was significantly associated with stalk weight.
Legendre (1971) expanded the set of relationships to include both 
phenotypic and genotypic correlations of the yield of sugar per acre and 
its components. Both cane yield and sucrose concentration were highly
1A
associated with the yield of sugar per acre. Moderate, positive 
associations were found between cane yield and stalk number, stalk 
weight and stalk length, A small, but significant, association was 
found between stalk diameter and cane yield. Both sucrose percent and 
Brix exhibited large, positive correlations with sugar per ton of cane. 
A moderate, negative association between stalk number and stalk diameter 
indicated that a compromise must be achieved when these characters are 
used as selection criteria. In nearly all cases, phenotypic and 
genotypic correlations were of equal magnitude suggesting minimal 
environmental influence on traits.
In Argentina, Mariotti (1971) found similar, positive associations 
between cane yield and stalk number, stalk weight and stalk length. 
However, stalk diameter was not significantly associated with cane 
yield.
In Florida, James and Miller (1971) reported low phenotypic 
correlations for stalk number, stalk diameter and Brix within and among 
the plantcane seedling crop, the first ratoon seedling crop and the 
plantcane clonal crop, in progenies of four sugarcane crosses. 
Associations among characters within crops were low.
In Australia, Brown et al. (1969) reported phenotypic, genetic and 
environmental correlations for economically traits in sugarcane.
In Louisiana, Richard and Henderson (1976); Viator and Henderson 
(1972); Boquet (1976); Viator (1976); Viator and Henderson (1976); 
Dunckelman (1982) and Gravois et al. (198A) reported associations 
between yield, its components and other economic traits in sugarcane.
Milligan (1988) provided the only estimate of additive genetic 
correlations among sucrose yield and its components.
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Of particular interest is the application of path-coefficient 
analysis to sugarcane breeding. Path-coefficient analysis indicated 
stalk number was the most important component of cane, yield in three 
sugarcane populations (James. 1971). Stalk diameter ranked second in 
order of importance in all three populations while stalk length ranked 
third in two populations and fourth in one population. Stalk density 
contributed less to cane yield than the other three variables.
Hiller and James (1974) indicated that stalk number ranged from 
three to five times as Important as stalk length in determining cane 
yield. Stalk diameter was twice as important as stalk length and seven 
times as important as stalk density. Stalk density was a positive 
factor influencing stalk weight, but its importance was minimal when 
compared to stalk diameter and stalk length. The authors also concluded 
that estimating volume by water displacement was more accurate than 
assuming the stalk as a cylinder and calculating volume as a function of 
stalk diameter and stalk height.
Hiller (1977) studied 10 crosses using path-coefficient analysis 
and indicated that stalk number, stalk diameter, stalk length, Brix and 
stalk density, in that order, were important in determining kg-Brix (an 
estimate of sucrose yield obtained as the product of Brix and stalk 
weight), a product of Brix and cane yield, on a per plant basis. In the 
past, Brix, stalk number, stalk diameter and stalk length were 
considered equally important as selection criteria. However, increasing 
stalk number should be the major selection criteria for increasing 
kg-Brix in a cultivar development program. Since the other characters 
are less important in determining kg-Brix per hectare, minimum standards
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acceptable to both the growers and processors should be established for 
these characters.
Hooda et al. (1979) suggested that stalk weight was the most 
important character contributing to cane yield, followed by stalk height 
and Brix content in an Indian breeding population. The number of 
millable stalks of cane had a positive effect on cane yield, but its 
magnitude was low.
In the past, reliable estimates of genetic correlations among 
sugarcane characters have been difficult to obtain, and when obtained 
have not been subjected to path-coefficient analysis (Miller et al., 
1978). Kang et al. (1983) stated that from a practical standpoint, 
genetic path coefficients would be more useful to a breeder than 
phenotypic path coefficients in deciding upon more effective selection 
criteria. The authors analyzed the interrelationships of yield 
components to sucrose yield, cane yield and sucrose concentration using 
genetic and phenotypic path-coefficient analysis. Genetic 
path-coefficient analysis indicated stalk number and stalk diameter as 
more important components of cane yield than plant height, but all three 
components were of equal importance in phenotypic path analysis. 
Sucrose and Brix had a large, positive direct effect and a small, 
negative direct effect on sucrose concentration, respectively. Sucrose 
concentration exerted a greater effect on sucrose yield than did cane 
yield. The authors further studied the relationships using interpretive 
principles from Sidwell et al. (1976). A negative relationship existed 
between cane yield and the nonadditive genetic or environmental effect 
or both of stalk diameter and stalk number. The direct effect of plant 
height on cane yield was mainly of additive genetic nature. The
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components of sucrose concentration appeared to be controlled mainly by 
genetic effects with little or no influence from the environment. The 
direct effect of cane yield on sucrose yield appeared to be controlled 
by additive genetic effects, whereas the direct effect of sucrose 
concentration on sucrose yield appeared to be controlled by nonadditive 
genetic and/or environmental effects.
Milligan (1988) performed phenotypic and genotypic path-coefficient 
analysis in Louisiana. Three plantcane sugarcane populations 
representing a first line trial testing stage, noncommercial breeding 
parents and commercial breeding parents were studied. Cane yield was 
the major determinant of sucrose yield and was independent of sucrose 
concentration and the effect of selection. Stalk number was the major 
phenotypic determinant of cane yield but was genotypically similar in 
importance as stalk weight in determining cane yield. The relationships 
of stalk weight, stalk diameter, stalk length and stalk density 
strengthened with selection. Sucrose concentration was somewhat more 
directly influenced by Brix than purity.
Repeatability
Several studies have been completed to determine the repeatability 
of traits in sugarcane. Miller and James (1975) reported on the 
repeatability of stalk number, stalk diameter and Brix among plantcane 
and first ratoon crops of seedlings, 1.2 m clonal plots and 4.6 m clonal 
plots. Repeatability of stalk diameter among plant cane crops was 
higher than that for stalk number end Brix. Stalk number and stalk 
diameter repeatabilities were about equal between plantcane and first 
ratoon crops, but Brix was more repeatable among ratoon crops than
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plantcane crops. Stalk diameter was a more reliable criterion for early 
selection than stalk number and Brix.
Ladd et al. (1974) studied six traits in sugarcane: BriX) stalk
number) stalk diameter, stalk length, volume and cane weight. All six 
characters were repeatable, with stalk diameter being the most 
repeatable and cane volume the least. Environment and cross had little 
effect on the degree of repeatability.
Smith and James (1969) obtained phenotypic correlations among 
number of stalks, diameter of stalks and Brix within and between 
plantcane and first ratoon crops from four crosses of sugarcane. 
Repeatability of characters between crops was 0.611**, 0.551** and
0.389** for stalk number, stalk diameter and Brix, respectively. The 
association among characters was relatively low within both crops.
Tai et al. (1980) reported stalk number was negatively correlated 
with stalk weight, but both of these characters were positively 
correlated with tons of cane per hectare and tons of sugar per hectare. 
A compromise must be reached between optimum stalk number and stalk 
weight. Stalk number, stalk weight, Brix, sucrose percentage and sugar 
per ton of cane were highly repeatable between crops. Two characters, 
tons per hectare of cane and tons per hectare of sugar, were not 
repeatable between selection stages.
In Australia, Hogarth (1971), using the degree of genetic 
determination, showed that refractometer solids and stalk number were 
the most repeatable characters on an individual basis, but 
repeatabilities were not high for any character (refractometer solids, 
stalk number, stalk diameter, stalk length and volume). The low levels 
of genetic determination indicated that selection pressure based on
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yield components in the early stages of selection in a progeny 
population should be kept as low as possible.
In Mauritius, George (1965) concluded that selection in the 
microplot (single stool) stage should be liberal to allow for the 
effects of competition and that stalk number is not a characteristic on 
which to base selection at this stage.
Kang et al, (1984) reported that the correlation of the same trait 
between locations (repeatability) showed it varied with location pairs. 
Stalk weight, Brix and sucrose percent were little affected by genotype 
by location interactions while germination, stalk number, cane yield, 
sucrose yield and sucrose concentration were more affected by genotype 
by location interaction. Mariotti (1974) showed stalk weight and stalk 
diameter to be only slightly affected by location. Other traits
measured in the study were considerably more affected by genotype by
location interaction than in the study by Kang et al. (1984).
Allam et al. (1971) calculated correlations of sucrose yield, cane 
yield and sucrose concentration between Louisiana's infield testing 
stage and its outfield testing stage. In general, the correlations were 
poor to moderate indicating the effect of genotype by environment 
interaction.
In summary, the purpose of this section has been to review
quantitative genetic theory emphasizing its application to sugarcane. 
To an extent, much has been done in the study of quantitative
inheritance in sugarcane. However, there are gaps yet to be filled. 
Only a single report of additive genetic correlations exists while 
additive genetic path-coefficient analysis has not been reported. 
information on traits such as cane volume, pith, and stalk density
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(calculated by volume measured by water displacement) Is lacking and 
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Breeding programs often base selection on yield components rather 
than yield when the degree of genetic determination (broad-sense 
heritability) is low. A study was conducted to determine the relative 
effects of yield components of sugarcane (Saccharum Bpp.) on sucrose 
yield) sucrose concentration, cane yield, stalk weight and stalk volume 
for a plantcane and first ratoon crop. Phenotypic and broad-sense 
genotypic correlations for all traits were subjected to path-coefficient 
analysis. A Louisiana sugarcane population represented by 80 
randomly-selected cultivars (four progeny from each of 20 crosses) from 
a first line trial testing stage was studied. In Louisiana a first line 
trial testing stage represents a mildly-selected population from 
seedlings obtained by crossing elite parents. A randomized 
complete-block design, using three blocks, was planted at St. Gabriel, 
Louisiana, and data were collected in 1986 and 1987. Path-coefficient 
analysis revealed that cane yield was more important than sucrose 
concentration in the determination of sucrose yield. Purity, followed 
closely by Brix, was the main factor determining sucrose concentration. 
Pith had a negative indirect effect on sucrose concentration through its 
association with Brix and purity. This suggests that selection among 
cultivars against pith will increase levels of Brix and purity and, 
ultimately, sucrose concentration. Stalk number followed by stalk 
weight were the main factors determining cane yield. Stalk volume,
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stalk density and tube* in that order, were the traits of most influence 
on stalk weight. Stalk diameter contributed more than stalk height to 
stalk volume. Hhen selection for cane yield cannot be accomplished
directly, then priority should be given to stalk number, stalk diameter, 
stalk height, and stalk density, in that order. Hhen sucrose 
concentration cannot be measured directly, selection emphasis based on 
high Brix and low pith should increase sucrose concentration. Hhen cane 
yield and sucrose concentration are available to determine sucrose 
yield, emphasis should be given to cane yield over sucrose 
concentration. However, since cane yield and sucrose concentration are 




The primary goal of the Louisiana sugarcane (Saccharum spp.) 
breeding programs is to produce cultivars with improved sucrose yields. 
Developing a new sugarcane cultivar currently takes 14 years because 
potential cultivars must be subjected to multi-stage selection and 
testing. Criteria at each testing stage are based on the relationships 
among yield components, or traits, that affect sucrose yield, cane 
yield, sucrose concentration, stalk weight and stalk volume. Selection 
progress can be optimized when these relationships are well understood.
Comparison of phenotypic and broad-sense genotypic correlations 
indicates the degree of environmental and genetic effects on 
relationships between traits. In addition to this means of defining 
relationships among traits, path-coefficient analysis can be used to 
further define the phenotypic and broad-sense genotypic correlation 
coefficients. Such a procedure is desirable because some traits 
correlate due to a common association with other traits. Therefore, it 
is necessary to determine the direct effect of the correlation 
coefficient unbiased by its indirect effects. Direct effects delineate 
the relative importance of yield components to yield. Indirect effects 
measure the degree of independence between two traits.
Many sugarcane breeders have defined relationships among traits 
through phenotypic path-coefficient analysis. James (1971) and Miller 
and James (1974) used phenotypic path-coefficient analysis to show 
stalk number, followed by stalk diameter and stalk height, as the major 
components of cane yield in Florida. Miller (1977) and Hooda et al. 
(1979) expanded the path relationships to include sucrose yield. Miller
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(1977) determined that stalk number, stalk diameter, stalk height, Brix 
and stalk density, in that order, were important in determining sucrose 
yield. However, Hooda et al. (1979) found stalk weight to be the 
predominant component of sucrose yield in an Indian sugarcane breeding 
population.
Kang et al. (1983) were the first to apply both phenotypic and 
broad-sense genotypic path-coefficient analyses to a sugarcane breeding 
population. Plantcane, first ratoon and second ratoon crops of two 
crosses were studied. Broad-sense genotypic path-coefficient analysis 
revealed plant height to be less important than stalk diameter and stalk 
number as a component of cane yield in the Florida population. However, 
at the phenotypic level, all three components were of equal importance. 
Sucrose concentration exerted a greater direct effect on sucrose yield 
than did tons of cane per hectare. Milligan (1988) used phenotypic and 
broad-sense genotypic path-coefficient analysis to estimate 
relationships involving sucrose yield in a plantcane crop in Louisiana. 
Cause and effect relationships involving sucrose yield with stalk 
volume, stalk density and pith have not been reported.
The objectives of this study were: (i) to estimate phenotypic and
broad-sense genotypic correlations among traits in a first line trial 
testing stage, (ii) to expand a yield component analysis of sucrose 
yield to include stalk volume, stalk density, pith and tube and (iii) 





A plantcane and first ratoon sugarcane crop representing a first 
line trial testing stage of a Louisiana sugarcane breeding population 
was studied. First line trials represent a mildly-selected population. 
Selection procedure closely followed those detailed by Breaux (1972) 
with the exception of mosaic screening of seedlings in the greenhouse.
Table 1 summarizes the parentage of the cultivars used in the 
study. Both parents and progeny were included in the study. The 
experimental design was a randomized-complete-block with three blocks 
and was planted on November 6, 1985, in a Commerce silt loam soil at the 
St. Gabriel Research Station of the Louisiana Agricultural Experiment 
Station. Single-row plots (1.83 m long and 1.83 m wide with 0.61 m 
alleys) were planted with four stalks each. Recommended cultural 
practices as described by Breaux et al. (1972) were used.
Data Collection
Data were collected on: sucrose yield (Mg/ha), cane yield
(Mg/ha), sucrose concentration (g of sucrose/kg cane), stalk number
(stalks/m2), stalk height (m), stalk diameter (cm), stalk weight (kg),
3 3stalk volume (cm ), density (g/cm ), pith, tube, juice Brix (%) and
juice purity (9t).
Plantcane and first ratoon data were collected in 1986 and 1987,
respectively. Millable stalks per plot were counted in August. An
eight stalk sample was hand harvested from each plot on November 9 - 12
for the plantcane crop and November 1 - 4  for the first ratoon crop.
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Samples were cut even with the ground, topped through the apex, stripped 
of leaf material, bundled and tagged. Stalk volume was estimated by 
water displacement in a calibrated 30 centimeter diameter water-filled 
cylinder. Bundle weight and length were recorded. The diameter of five 
stalks was measured at the midstalk intemode with no reference to the 
bud groove. Before milling, two stalks were cut and rated for pith and 
tube. The amount of pith (white cottony, dead parenchyma cells) was 
rated on a one to five scale, 1 = no pith, 5 = maximum pith. A 
three-roller mill (500 kg/cm2 pressure) extracted juice from each 
sample. A subsample of the juice was taken for quality analysis. Brix 
(percent soluble solids in the juice) was measured to the nearest tenth 
by refractometer and sucrose was determined by polarization. Sucrose 
concentration was calculated using Brix and sucrose values according to 
the methods described by Legendre and Henderson (1972). Purity was 
calculated as the ratio of sucrose to Brix. Cane yield was estimated as 
the product of stalk number times mean stalk weight for each plot. The 
theoretical yield of sugar was calculated as the product of cane yield 
and sucrose concentration divided by 1000.
Statistical Analyses
Data were subjected to variance and cross-product analyses using 
the analyses of variance and covariance. The statistical model used to 
calculate the phenotypic variances and covariances was:
Y = p + R + Y + E
where p and R were the overall mean and replication, respectively. 
Since each crop was grown in a particular year, year and crop were 
confounded which was represented by Y. E was residual error which also
34
included all genetic effects. The variances and covariances for the 
phenotypes were calculated by the following formulae:
°P<i)2 = MSE
°p(ij) = MCPE
where was t*ie Phenotypic variance of trait i, MSE was the
residual mean Bquare, was t̂ ie phenotypic covariance of traits i
and j i and MCPE was the mean residual cross-products of traits i and j.
Sugarcane is asexually propagated; therefore, all genetic 
variability is usable between stages of selection (Falconer 1981 and 
Hanson 1963). All genotypic variances calculated were broad-sense, or 
total genetic estimates, that is, additive, dominance and epistatic 
sources of variation were included in the genetic component. The 
statistical model used to calculate broad-sense genotypic variances and 
covariances was:
Y = p + R + Y + G + G*Y + E 
where p was the overall mean, R was the replication effect, Y was the 
confounded crop-year effect, G was the genotype effect, Y*G was the 
interaction of genetic effects with crop-year and E was the residual 
error. The broad-sense genotypic variance was estimated using the 
following formula:
°g(i)2 = fMSG “ MSE)/ry 
where ag(£)2 was the broad-sense genotypic variance of trait i, MSG was
the mean square for genotypes, MSE was the error mean square and r was
the number of replications. The genetic covariance was estimated using
the following formula:
°g(ij) = (MCPG ”
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where Og^j) was the broad-sense genotypic covariance of traits i and j, 
MCPG was the mean broad-sense genotypic cross-products of traits i and j 
and MCPE was the mean residual cross product of traits i and j. SAS 
(1985) GLM (MANOVA option) and IML procedures were used to calculate all 
variance and covariance estimates.
Phenotypic and broad-sense genotypic correlations were subjected to 
path-coefficient analysis as described by Dewey and Lu (1959) and Li 
(1975). Path-coefficient analysis requires an additive cause and effect 
relationship among variables. However, some variables exhibited a 
multiplicative relationship. For example, sucrose yield was derived as 
the product of cane yield and sucrose concentration. Therefore, the 
data were logarithmically transformed to satisfy the assumption of 
additivity for the path system.
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RESULTS AND DISCUSSION
Phenotypic and Broad-sense Genotypic Correlations
In general, the sign and magnitude of the phenotypic and
broad-sense genotypic correlations were equal indicating nominal
environmental influences on the relationship between traits (Table 2).
Cane yield was more strongly correlated with sucrose yield than sucrose
concentration at both the phenotypic and broad-sense genotypic level,
r =0.972 and 0.258,respectively at the phenotypic level and r =0.974 P D
and 0.256, respectively, at the genetic level. The phenotypic and 
genetic correlations between stalk number and cane yield were positive 
and large. Brix and purity showed large positive correlations with 
sucrose concentration whereas pith was moderately negatively correlated 
with sucrose concentration. Milligan (1988) reported similar findings 
while Legendre (1970) reported slightly different results. The latter 
estimated stronger phenotypic and broad-sense genotypic correlations 
between sucrose concentration and sucrose yield. Correlations between 
stalk number and stalk weight were moderate and nearly equally 
correlated with cane yield. This discrepancy may be due to use of 
populations from different stages of selection (Milligan 1988) or 
possibly differences due to plot size.
Phenotypic and Broad-sense Genotypic Path-Coefficient Analysis
Path-coefficient analysis further defined the phenotypic and 
broad-sense genotypic correlations. Sidwell et al. (1976) described 
certain principles useful in interpreting phenotypic and broad-sense 
genotypic path-coefficient analyses. In particular, they found that
Table 2. Phenotypic and broad-sense genotypic correlations among the traits over years §
Traits Cane Suer, yield conc. Brix Purity Stalkweight Stalknumber Stalkheight Stalkdiam. Stalkdensity Stalkvolume Pith
Sugaryield 0.959 0.301 0.952** 0.385** 0.3220.380** 0.2600.321** 0.4310.501** 0.8760.845** 0.5750.547** 0.0730.144** 0.1090.191** 0.3870.441** -0.0180.025
Caneyield 0.019'0.088 0.0550.127* -0.0140.038 0.4570.526** 0.9080.884** 0.5680.532** 0.1590.212** 0.0080.175** 0.4370.475** 0.0490.065
Sucroseconc. 0.9570.868** 0.9610.930** -0.0220.048 0.0360.080 0.1220.186** -0.287-0.172** 0.3580.096 -0.1090.003 -0.235-0.118*
Brix 0.8410.633** -0.0570.037 0.0930.132** 0.0860.164** -0.279-0.170** 0.3760.127* -0.148-0.024 -0.259-0.158**
Purity 0.0100.043 -0.0140.029 0.1380.159** -0.268-0.146** 0.3130.061 -0.0680.016 -0.201-0.075
Stalkweight 0.0430.070 0.6520.576** 0.6690.623** -0.0330.374** 0.9690.884** 0.1280.093
Stalknumber 0.3220.307** -0.136-0.092 0.0250.003 0.0350.073 -0.0080.023
Stalkheight -0.0140.065 0.0570.030 0.6130.602** 0.1910.171**




§ Upper and lower values represent broad-sense genotypic and phenotypic correlation! respectively.*, ** Significant at the 0.05 and 0.01 levels, respectively.
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phenotypic and broad-sense genotypic direct effects of similar magnitude 
indicate that a large portion of the direct effect was due to additive 
genetic effects. Conversely, phenotypic and broad-sense genotypic 
direct effects of unequal magnitude indicate a large portion of the 
direct effect was due to nonadditive genetic or environmental effects or 
both. Since broad-sense genotypic correlations were used in this study, 
differences between phenotypic and broad-sense genotypic direct effects 
were attributable to environmental effects. Conclusions determining the 
relative influence of several traits on another were based on direct 
effects while the independence of two traits was assessed by the 
indirect effects. The residual, x, measured the inability of the yield 
components to account for yield.
1. Sucrose Yield and its Components
The use of path-coefficient analysis requires definition of a cause 
and effect relationship among the traits of interest (Figure 1). Cane 
yield and sucrose concentration multiply to give sucrose yield, the 
primary trait of interest in a sugarcane breeding program. For the data 
reported here, the phenotypic and broad-sense genotypic direct effects 
of cane yield were all positive and of similar magnitude (Table 3). The 
analysis of sucrose concentration was similar, but direct effects were 
generally lower than those for cane yield. These findings suggest that 
primary consideration should be given to cane yield over sucrose 
concentration when the objective is to produce cultivars with high 
sucrose yields. Improvements in both cane yield and sucrose 



































Figure 1. Path diagram showing the broad-sense set of cause and effect relationships of: (a) sucrose
yield, (b) sucrose concentration, (c) cane yield, (d) stalk weight and (e) stalk volume. (P and r denote 
direct path-coefficient and correlation coefficient, respectively).
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Table 3. Phenotypic and broad-sense genotypic path-coefficient analysis




yield vs. cane yield 
Direct effect, P21 0.925 0.954
Indirect effect, via 
sucrose concentration, r ^ P ^  0.027 0.005
correlation, r^2 0.952 0.959
Sucrose
yield vs. sucrose concentration 
Direct effect, P ^  0.304 0.283
Indirect effect, via 
cane yield, r23P21 0.081 0.018








each trait is independent of the other as observed by the snail indirect 
effects and insignificant correlation between these traits (Table 2).
Rang et al. (1983) reported larger direct effects for sucrose 
concentration than for cane yield on sucrose yield in the Florida 
population. Estimates, however, were based on more select random 
genotypes from two crosses. Therefore, sucrose concentration should 
receive greater emphasis than cane yield when selecting cultivars for 
high sucrose yields in Florida. Studies by Brown et al. (1969) and 
Milligan (1988) support the findings reported here.
The direct effects of cane yield and sucrose concentration on 
sucrose yield at the phenotypic and broad-sense genotypic levels were of 
similar magnitude suggesting control by mainly genetic effects. The 
correlations calculated accounted for 99.8% of the phenotypic variation 
and all of the broad-sense genotypic variation in sucrose yield.
2. Sucrose Concentration and its Components
The direct effects of Brix on sucrose concentration were all 
positive but slightly smaller than the direct effects of purity on 
sucrose concentration (Table 4). The direct effect of pith on sucrose 
concentration was negligible and slightly positive. The indirect 
effects of Brix on sucrose concentration through its association with 
purity and the indirect effect of purity on sucrose concentration 
through its association with Brix were moderately large and positive. 
The indirect effect of pith on sucrose concentration through its 
associations with Brix and purity were generally small but negative.
At both the phenotypic and broad-sense genotypic levels, purity, 
followed closely by Brix, were the main determining components of
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Table 4. Phenotypic and broad-sense genotypic path-coefficient analysis





Direct effect, P10 3 0.467 0.510
Indirect effect, via
purity, r1011PU  3 0.401 0.448
pith’ rio,i2pi2,3 M 2£ i£im
correlation, r3 0.868 0.957
Sucrose
concentration vs. purity 
Direct effect, P^^ 3 0.635 0.533
Indirect effect, via
Brix, r.n .-.P,,. , 0.295 0.429
pith, rn(’12P12’3 0,000 ^ M O l
correlation, r3 ^  0.930 0.961
Sucrose
concentration vs. pith 
Direct effect, P^2 3 0.003 0.004
Indirect effect, via
Brix, rio,12P10,3 -0.073 -0.132
purity, r ^  J2P11 3 -0.048 -0.107
correlation, r3 12 -0.118 -0.235
Residual (Px3) 0.057 0.024
1 - (Px3)2 0.997 0.999
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sucrose concentration as observed by the direct effects. Pith was an 
important component of sucrose concentration. Indirect selection 
against pith improves Brix and, ultimately, sucrose concentration. . For 
this reason, sugarcane breeders select against pith throughout the early 
stages of cultivar testing.
The direct effects of Brix, purity and pith on sucrose 
concentration at the phenotypic and broad-sense genotypic levels were of 
similar magnitude, indicating control by mainly genetic effects. The 
phenotypic and broad-sense genotypic correlations explained 99.7% and 
99.9% of the variation in sucrose concentration, respectively.
3. Cane Yield and its Components
The direct effects of stalk weight and stalk number were all 
positive with stalk number dominant over stalk weight (Table 5). Stalk 
weight and stalk number were independent as observed by the small 
indirect effects. Therefore, selection of cultivars with high stalk 
number and acceptable 6talk weight would be feasible.
Results from previous studies vary in the assessment of the 
contributions of stalk weight and stalk number to cane yield. Using 
phenotypic and broad-sense genotypic path-coefficient analysis, Milligan 
(1988) reported results similar to the present study for a plantcane 
crop. James (1969) used phenotypic path-coefficient analysis to show 
stalk number as the most important component of cane yield. Miller and 
James (1974) determined that stalk number and stalk diameter, a 
component of stalk weight, were equally important in determining cane 
yield. In results dissimilar to this work, Rooda et al. (1979) reported 
stalk weight to be the most important component contributing to cane
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Table 5. Phenotypic and broad-sense genotypic path-coefficient analysis




yield vs. stalk weight 
Direct effect, P ^  
Indirect effect, via 
stalk number, r ^ P ^  
correlation, r'24 
Cane
yield vs. stalk number 
Direct effect, P^^ 
Indirect effect, via 















yield with stalk number having a low positive direct effect. 
Dissimilarity between these results and other reports could be due to 
the different genetic base used in the Indian breeding population or use 
of populations from different stages of selection.
Both the direct effects of stalk weight and stalk number on cane 
yield at the phenotypic and broad-sense genotypic levels were of similar 
magnitudei suggesting that the relationship between cane yield with 
stalk weight and stalk number was governed by genetic effects. Kang et 
al, (1983) reported only 54.8% of the phenotypic variation and 82.0% of 
the broad-sense genotypic variation was explained by the correlations 
between relationships for cane yield. Stalk diameter, stalk height and 
stalk number constituted the path determining cane yield in their study. 
These data indicate that stalk weight and stalk number better account 
for the variation in cane yield than the results reported by Kang et al. 
(1983).
4. Stalk Weight and its Components
In the relationship between stalk weight and its components: stalk
volume and stalk density, all phenotypic and broad-sense genotypic 
direct effects for stalk volume were large, ranging from 0.933 to 1.040 
(Table 6). The phenotypic direct effect of stalk density on stalk 
weight was substantial in the population but smaller at the broad-sense 
genotypic level.
The indirect effect of stalk volume on stalk weight through its 
association with stalk density was slightly negative. The indirect 
effects of stalk density on stalk weight via its association with stalk
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Table 6. Phenotypic and broad-sense genotypic path-coefficient analysis




weight vs. stalk volume
Direct effect, P,. 0.933 1.04064
Indirect effect, via
stalk density, -0.049 -0.071
correlation, r., 0.884 0.96946
Stalk
weight vs. stalk density 
Direct effect, P ^  0.471 0.256
Indirect effect, via
stalk volume, r,„P,-, -0.097 -0.28967 64 1" — ■— ______
correlation, r^ ^  0.374 -0.033
Residual (Px4) 0.000 0.030
1 - (Px4)2 1.000 0.999
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volume were larger at the broad-sense genotypic level than the 
phenotypic level.
At both the phenotypic and broad-sense genotypic levels, stalk 
volume, followed by stalk density, ranked in importance in contributing 
to stalk weight. This work supports earlier findings. Brown et al. 
(1969) reported a highly significant correlation (r = .99) between stalk 
volume and stalk weight. However, Miller and James (1974) found stalk 
density a minor component of cane yield at the phenotypic level. 
Milligan (1988) reported a stronger genetic relationship between stalk 
density and stalk weight than that found in this study. Kang et al. 
(1983) suggested that plant breeders use broad-sense genotypic 
path-coefficients rather than phenotypic path-coefficients when deciding 
upon more effective selection criteria. Apparent environmental effects 
diminished the direct broad-sense genotypic relationship between stalk 
weight and stalk density. In view of this, stalk density should not be a 
major selection criterion.
Phenotypic and broad-sense genotypic direct effects of stalk volume 
on stalk weight were positive and of similar magnitude. This was not 
the case with stalk density. Phenotypic and broad-sense genotypic 
direct effects of different magnitude indicated environmental effects 
influenced the relationship between stalk weight and stalk density. 
Phenotypic and broad-sense genotypic path-coefficient analysis accounted 
for 100.OX and 99.9% of the variation in stalk weight, respectively.
S. Stalk Volume and its Components
The phenotypic and broad-sense genotypic direct effects of stalk 
diameter exhibited a larger positive direct effect than stalk height on
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stalk volume (Table 7). Indirect effects were less important suggesting 
no relationship between stalk height and stalk diameter. As indicated 
by the direct effects, stalk diameter dominated over stalk height as a 
factor influencing stalk volume. When the breeding objective is to 
increase stalk volume, stalk diameter should be emphasized over stalk 
height. Selection of cultivars with large diameters should not 
influence stalk height as indicated by the indirect effects.
The direct effects of stalk height and stalk diameter on stalk 
volume were similar at both the phenotypic and broad-sense genotypic 
levels, suggesting genetic control of this relationship. Stalk diameter 
and stalk height failed to account for all of the variation in stalk 
volume, 85.6% and 94.9% at the phenotypic and broad-sense genotypic 
level, respectively. Apparently, the complete cylinder assumption for 
estimating stalk volume from stalk diameter is inadequate.
Summary
Sugarcane breeders have traditionally emphasized sucrose yield 
during clonal selection. This study suggests increased emphasis on 
increasing cane yield will accelerate gains in sucrose yield. However, 
since cane yield and sucrose concentration are independent, simultaneous 
selection to increase sucrose yield is possible.
Direct measurement of sucrose yield is not always possible. To 
solve this problem, sugarcane breeders effect changes in sucrose yield 
by selecting components, or traits, which are more easily measured and 
correlate well with sucrose yield. Indirect selection is commonly 
practiced in early unreplicated testing stages of sugarcane breeding. 
The data presented here suggest stalk number, stalk volume (stalk
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Table 7. Phenotypic and broad-sense genotypic path-coefficient analysis
of stalk volume and its components.
Broad-sense
Pathway Phenotypic Genotypic
Stalk volume vs. stalk height
Direct effect, P^g 0.556 0.624
Indirect effect, via
stalk diameter, rQ inPin , 0.046 -0.0117|1U lU|b .... .
correlation, r ^  0,602 0.613
Stalk volume vs. stalk diameter 
Direct effect, P._ _ 0.704 0.757XU f b
Indirect effect, via
stalk height, r^ 6 0.036 -0.009
correlation, r, 1Q 0.740 0.748b i xy
Residual (Px6) 0.380 0.225
1 - (Px6)a 0.856 0.949
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diameter, stalk height), stalk density and tube, in that order, are the 
important components of cane yield. Obtaining cultivars with high stalk 
numbers and acceptable stalk weights is an achievable goal. Selection 
criteria should be established accordingly.
Sucrose concentration is the other component of sucrose yield.
When laboratory determination of sucrose concentration is not feasible, 
field measurement of Brix by hand refractometer is done. Sugarcane 
breeders also select against cultivars with pith. Not only does pith 
present milling problems, but as the data presented here indicate, pith 
decreases sucrose concentration. Selection of cultivars with high Brix 
and low pith produces cultivars with high sucrose concentration and high 
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ADDITIVE GENETIC PATH-COEFFICIENT ANALYSIS 
AND NARROW-SENSE HERITABILITY 
IN SUGARCANE
ABSTRACT
Sucrose yield is one of the cost economically important traits in 
sugarcane (Saccharum spp.) production. Additive genetic correlations 
were subjected to path-coefficient analysis to determine the relative 
effects of cane yield and sucrose concentration on sucrose yield. Four 
progeny from each of 20 crosses and the parents were planted at St.
Gabrielt Louisiana on a Convent very fine sandy loam. The plantcane,
first ratoon and second ratoon crops were harvested in 1986, 1987 and
1988, respectively, and measured for sucrose yield and it components.
Results revealed cane yield, followed by sucrose concentration, was the 
main contributor to sucrose yield at the genetic level. The small, 
negative indirect effects in the path system indicated simultaneous 
selection of sucrose concentration and cane yield would result in 
increased sucrose yield. Furthermore, increases in cane yield will 
likely result from selection of parents based on stalk height, while 
increases in sucrose concentration would result from selection of 
parents with high Brix, high purity and low pith. Additive genetic 
coefficient of variation values indicate potential future gains in 
sucrose yield would be greatest by emphasizing cane yield and its 
component stalk number primarily over sucrose concentration and its 
components. The data also indicate sufficient variability in sucrose 
concentration to increase sucrose yield as well. The large 
narrow-sense heritability value for pith suggests that screening the
53
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parent population more stringently against the presence of pith would be 
effective in decreasing pith in progeny populations.
55
INTRODUCTION
The primary goal of the Louisiana sugarcane (Saccharum spp.) 
breeding programs is to produce cultivars with improved sucrose yields. 
Improving sugarcane cultivars begins with hybridization of elite 
parents. Developing a new sugarcane cultivar is currently a 14 year 
commitment because potential cultivars must be subjected to multistage 
selection and testing (Breaux 1972). The time and man-hour costs of 
cultivar testing make understanding the relationship of sucrose yield 
and its . components during hybridization imperative. Breeders often 
effect changes in yield through yield component breeding (Sidwell et 
al., 1976). Yield component breeding to increase yield would be most 
effective if the components involved were highly heritable) genetically 
independent or positively correlated, and physiologically unrelated or 
related in a positive maimer (Sidwell et al, 1976). Consequently, 
additive genetic path-coefficient analysis and narrow-sense heritability 
estimates would be useful in understanding the mechanisms of inheritance 
of sucrose yield and its components during hybridization.
Phenotypic and broad-sense genetic path-coefficient analysis has 
been used successfully to determine selection criteria in sugarcane 
breeding programs (Kang et al., 1983 and Milligan, 1988). However, only 
limited genetic information exists pertaining to the relationship among 
sucrose yield and its components during the hybridization of sugarcane. 
Only one estimate of additive genetic correlations has been reported in 
sugarcane (Milligan, 1988). Additive genetic path-coefficient analysis 
in sugarcane has not been reported.
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Several studies have estimated narrow-sense heritability of 
sugarcane traits. Estimates for various traits have been reported in 
Australia (Hogarth, 1971, 1977), Brazil (Cesnick and Vencovsky, 1974), 
Fiji (Brown et al., 1969), Hawaii (Hogarth, 1981), Mauritius (George, 
1962) and Louisiana (Milligan, 1988). Narrow-sense heritability for 
stalk volume, pith and stalk density (when stalk volume is measured by 
water displacement) have not been estimated in a Louisiana sugarcane 
breeding population.
The objectives of this study were: (i) to estimate additive
genetic and phenotypic correlations among sucrose yield and its 
components, (ii) to subject the correlations to path-coefficient 
analysis to study direct and indirect effects among yield relationships 





Flantcane, first ratoon and second ratoon sugarcane crops 
representing a progeny population of a first line trial testing stage of 
a Louisiana sugarcane breeding population and their parents were studied 
(Table 1). First line trials represent a mildly-selected population. 
Selection procedure closely followed those detailed by Breaux (1972) 
with the exception of mosaic screening of seedlings in the greenhouse.
The parents and their progeny were studied in an experiment 
(randomized-complete-block design with three blocks) which was planted 
on November 6, 1985, in a Commerce silt loam soil at the St. Gabriel 
Research Station of the Louisiana Agricultural Experiment Station. 
Single row plots (1.83 m long and 1.83 m wide with 0.61 m alleys) were 
planted with four stalks each. Recommended cultural practices as 
described by Breaux et al. (1972) were used.
Data Collection
Data were collected to accommodate analysis of specific traits. 
These traits include: sucrose yield (Mg/ha), cane yield (Mg/ha),
sucrose concentration (g of sucrose/kg cane), stalk number (stalks/m2),
stalk height (m), stalk diameter (cm), stalk weight (kg), stalk volume
3 3(cm ), stalk density (g/cm ), pith, juice Brix (%) and juice purity (%).
Plantcane, first ratoon and second ratoon crop data were collected
in 1986, 1987 and 1988, respectively. Millable stalks per plot were
counted in August. Eight stalk samples were hand harvested on November




































































plantcane, first ratoon and second ratoon crops» respectively. Samples 
were cut even with the ground, topped through the apex, stripped of leaf 
material, bundled and tagged. Stalk volume was estimated by water 
displacement in a calibrated 30 centimeter diameter water-filled 
cylinder. Bundle weight and length were recorded. The diameter of five 
stalks was measured at the midstalk intemode with no reference to the 
bud groove. Before milling, two stalks were cut and rated for pith. 
The amount of pith (white cottony, dead parenchyma cells) was rated on a 
one to five scale (1 = no pith, 5 = maximum pith). A three-roller mill 
(500 kg/cm2 pressure) extracted juice from each sample. A subsample of 
the juice was taken for quality analysis. Brix (percent soluble solids 
in the juice) was measured to the nearest tenth by refractometer and 
sucrose was determined by polarization. Sucrose concentration was 
calculated using Brix and sucrose values according to the methods 
described by Legendre and Henderson (1972). Purity was calculated as 
the ratio of sucrose to Brix. Cane yield was estimated as the product 
of stalk number and mean stalk weight for each plot. Sucrose yield was 
calculated as the product of cane yield and sucrose concentration 
divided by 1000.
Statistical Analyses
Data were subjected to variance and cross-product analyses using
the analysis of variance and covariance. The phenotypic variances
a ...2 and covariances a .... were estimated as twice the covariance p(i) P(ij)
between the midparent means:
°p(i)2 " 2a(mp i, mp i)
CTp(ij) " 2a(mp i, mp j)
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where o, , .N was the covariance of the midparent value of trait(rap i, mp i)
i with the raidparent value of trait j.
The additive genetic variances and covariances were estimated as 
twice the covariance between the offspring full-sib family mean and the 
midparent value:
aa(i)2 " 2c(mp i, o i)
aa(ij) “ 2c(rap i, o j)
where a, . . » was the covariance of the midparent value of trait i(mp i, o i)
with the full-sib family mean value of trait j (Falconer, 1981).
Narrow-sense heritability (h2) was calculated based on family means
by regressing the midparent value on the offspring full-sib family mean:
b = h2 - a 2 fa 2 a p
where b was the regression coefficient based on the ratio of additive
genetic variance (o 2) to phenotypic variance (o 2), The analysisa P
adjusted for environments (crop-year) and replications prior to 
regression.
Additive genetic coefficients of variation (AGCV) were calculated
as:
AGCV = o / xa rap
where o was the additive genetic standard error and x referred to the a mp
midparent mean of a trait.
The expected additive genetic advance (AGA) was expressed as:
AGA = ih2o /x P mp
where h2, and x were as previously defined and o was the phenotypicmp p
standard error of the midparents. The standardized selection intensity, 
i, used a 10% selection intensity where i = 1.76 (Allard, 1960).
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SAS (1985) GLM and IML procedures were used to calculate variance 
and covariance estimates. Phenotypic and additive genetic correlations 
were calculated from the variances and covariances.
Phenotypic and additive genetic correlations were subjected to 
path-coefficient analysis as described by Dewey and Lu (1959) and Li 
(1975). Path-coefficient analysis requires an additive cause and effect 
situation among variables. However, some variables exhibited a 
multiplicative relationship. For example, sucrose yield was derived as 
the product of cane yield and sucrose concentration. Therefore, the 
data were logarithmically transformed to satisfy the assumption of 
additivity for the path system.
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RESULTS AND DISCUSSION
Additive Genetic and Phenotypic Correlations
The signs of the additive genetic and phenotypic correlations were 
generally similar (Table 2). However, many of the genetic and 
phenotypic correlations were of different magnitude indicating 
nonadditive genetic effects or environmental effects or both were 
influencing the traits. In some cases, the additive genetic 
correlations were either slightly less than -1.0 or slightly greater 
than 1.0. These discrepancies possibly resulted from the use of an 
incorrect model or, more likely, the presence of large standard errors, 
a common property of genetic correlations. At both the phenotypic and 
genetic levels, cane yield was more strongly associated with sucrose 
yield than was sucrose concentration. Stalk number was the most 
strongly correlated component with cane yield at both levels whereas 
stalk density was strongly, negatively correlated with cane yield at the 
genetic level. The relationship between Brix and purity with sucrose 
concentration displayed strong, positive genetic and phenotypic 
associations. Pith was more negatively associated with sucrose 
concentration, Brix and purity at the genetic level than at the 
phenotypic level. At the genetic level, stalk diameter was uncorrelated 
with all traits. A negative genetic variance for stalk diameter 
accounted for this absence of association with other traits (Table 6). 
A negative genetic variance for stalk diameter may have resulted from a 
narrow genetic range for stalk diameter in this study. Stalk diameter 
is a very repeatable trait in sugarcane (Mariotti, 1974 and Hiller and 
James, 1975). Since the population was subjected to mild selection in
Table 2. Additive genetic and phenotypic correlations among the traits over years §.
Traits











Sucroseyield 0.804 0.341 0.130 0.892** 0.289** 0.129 0.4570.370** 0.8610.684 0.6140.496** 0.0000.217** -0.6000.035 -0.578-0.108
Caneyield -0.299 -0.462 -0.152 -0.276** -0.173-0.040 1.0720.851** 0.6140.472** 0.0000.157 -1.034-0.063 -0.189 0.035
Sucroseconc. 0.9430.895** 0.9730.932**
-0.325-0.285** -0.6390.076 0.0000.157 0.6540.211** -0.596-0.275**
Brix 0.8400.676** -0.359-0.348** -1.138-0,067 0.0000.114 0.9210.231** -0.613-0.293**
Purity -0.267-0.205* -0.272 0.180* 0.0000.172* 0.3960.155 -0.546-0.218**
Stalknumber 0.4960.139 0.000-0.248** -0.721-0.033 -0.271-0.035
Stalkheight 0.0000.207* -0.791-0.009 0.6820.184*
Stalkdiameter 0.000-0.122 0.0000.027
Stalkdensity -0.934-0.391**
§ Upper and lower values represent additive genetic and phenotypic correlations, respectively.*, ** Significant at the 0.05 and 0.01 levels, respectively.
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the single stool testing stage, the range in stalk diameter could have 
been effectively reduced due to selection. A second potential cause for 
the negative genetic variance in stalk diameter may have been due to 
errors in measurement since a sugarcane stalk is not a complete 
cylinder. A greater range in stalk diameter in the population, a larger 
database and a more accurate measuring technique is needed to obtain 
reliable estimates of genetic variance for stalk diameter.
Additive Genetic and Phenotypic Path-Coefficient Analysis
Path-coefficient analysis further defined the additive genetic and 
phenotypic correlations. Sidwell et al. (1976) described certain 
principles useful in interpreting additive genetic and phenotypic 
path-coefficient analysis. In particular, they found that additive 
genetic and phenotypic direct effects of similar magnitude indicate that 
a larger portion of the direct effect was due to additive genetic 
effects. Conversely, additive genetic and phenotypic direct effects of 
unequal magnitude indicate a larger portion of the direct effect was due 
to nonadditive genetic or environmental effects or both. Conclusions 
determining the relative effect of several yield components on yield 
were assessed by the direct effects while the independence of components 
was assessed by the indirect effects. The residual, x, measured the 
inability of the yield components to account for yield.
1. Sucrose Yield and its Components
Path-coefficient analysis requires definition of cause and effect 
relationship among measures of yield and their components (Figure 1). 
















xl Sucrose (3) ^ 






Figure 1. Path diagram showing the additive set of cause and effect relationships of: (a) sucrose yield,
(b) sucrose concentration and (c) cane yield. (P and r denote direct path-coefficient and correlation 
coefficient, respectively). gj
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breeding programs and is the product of cane yield and sucrose 
concentration. The direct effect of cane yield (0.958) dominated the 
direct effect of sucrose concentration (0.A35) at the phenotypic level 
(Table 3), However, at the additive genetic level, the direct effect of 
sucrose concentration (0.638) approached the direct effect for cane 
yield (0.995). Based on the relative genetic direct effects, slightly 
larger emphasis should be accorded to cane yield over sucrose
concentration when the objective is to increase sucrose yield in a 
progeny of a cross. The small, negative additive genetic indirect
effects suggest simultaneous improvement of both cane yield and sucrose 
concentration to increase sucrose yield is possible.
The additive genetic direct effect of cane yield was equal to its 
respective phenotypic direct effect; thus, relatively large additive
genetic controlled the relationship between cane yield and sucrose 
yield. Conversely, the genetic direct effect of sucrose concentration 
on sucrose yield was stronger than its phenotypic direct effect,
indicating negative nonadditive genetic and/or environmental effects on 
sucrose yield. The residual effects showed the correlations accounted 
for all of the phenotypic variation and 98.OX of the additive genetic 
variation for the set of relationships.
2. Sucrose Concentration and its Components
In this study, Brix, purity and pith were the traits determining 
sucrose concentration. Brix and purity exhibited a strong, positive
t
correlation with sucrose concentration whereas pith was negatively 
correlated with sucrose concentration (Table A). The genetic 
correlations were slightly larger than the phenotypic correlations.
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Table 3. Phenotypic and additive genetic path-coefficient analysis of




yield vs. cane yield 
Direct effect, 0.958 0,995
Indirect effect, via 
sucrose concentration, rg^P^ -0.066 -0.191
correlation, r ^  0.892 0.804
Sucrose
yield vs. sucrose concentration 
Direct effect, P ^  0.435 0.638
Indirect effect, via
cane yield, *23P21 -0.146 -0.297








Table 4. Phenotypic and additive genetic path-coefficient analysis of




concentration, vs. Brix 
Direct effect, Pg3 0.488 0.428
Indirect effect, via
purity, rggPgg 0.407 0.517
pith’ rs,iopio,3 ^ 2 2  -Q:.°02-
correlation, r_D 0.895 0.943JO
Sucrose
concentration vs. purity
Direct effect, Pg3 0.602 0.615
Indirect effect, via
Brix, r89Pg3 0.330 0.360
Pith’ r9 ,iopio,3 ^522 z M 22
correlation, rgg 0.932 0.973
Sucrose
concentration vs. pith
Direct effect, Plg 3 -0.001 0.002
Indirect effect, via
Brix, rg ^qPq3 -0.143 -0.262
-0.336Purity, rg ̂ ̂ 0P93 -0.131
correlation, rgg -0.275 -0.596
Residual (Px3) 0.063 0.000
1 - (Px3)2 0.996 1.000
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Separating the direct effect from the correlation coefficients 
showed purity, followed closely by Brix, dominating over pith at both 
the genetic and phenotypic levels in its contribution to sucrose 
concentration. The genetic indirect effect of Brix on sucrose 
concentration through its association with pith was small. Of much 
larger magnitude were the phenotypic and genetic indirect effects of 
Brix on sucrose concentration through its association with purity. The 
indirect effects of pith, at both the phenotypic and genetic levels, on 
sucrose concentration through its association with Brix and purity were 
moderate and negative. These relationships indicated that parental 
cultivars with high Brix, high purity and low pith would likely give 
progeny with improved sucrose concentration.
Brix, purity and pith genetic direct effects were nearly equal the 
phenotypic direct effects suggesting a genetic relationship between 
sucrose concentration and Brix, purity and pith existed. As indicated 
by the large (1 - Px3)a value, Brix, purity and pith accounted for
nearly all of the variation in sucrose concentration at the phenotypic 
and genetic levels.
3. Cane Yield and its Components
The components of cane yield were stalk height, stalk diameter, 
stalk density and stalk number. A ranking of yield components by the 
phenotypic direct effects revealed stalk number, stalk diameter, stalk 
height and stalk density, in that order, were most important in 
determining cane yield (Table 5). The moderate phenotypic indirect 
effect of stalk diameter on cane yield through its negative association 
with stalk number indicated some compromise must occur when the goal is
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Table 5. Phenotypic and additive genetic path-coefficient analysis ofcane yield and its components.
Pathway Phenotypic AdditiveGenetic
Cane
yield vs. stalk height
Direct effect, P42 0.282 -0.423
Indirect effect, via
Stalk diameter, ra5P52 0.066 0.000
Stalk density, r46P62 0.000 0.732Stalk number, r47P72 0.124 0.305correlation, r24 0.472 0.614
Cane
yield vs. stalk diameter
Direct effect, P52 0.321 0.000
Indirect effect, via
Stalk height, r45P42 0.058 0.000Stalk density,' r56P62 -0.001 0.000Stalk number, r57p72 -0.221 0.000correlation, r25 0.157 0.000
Cane
yield vs. stalk density
Direct effect, 0.008 -0.925
Indirect effect, via
Stalk heigfrt, r46P42 -0.003 0.335
Stalk diameter, TegPeo -0.039 0.000
Stalk number, r67P72 -0.029 -0.444correlation, r26 -0.063 -1.034
Cane
yield vs. stalk number
Direct effect, P72 0.892 0.615
Indirect effect, via
Stalk height, r47P42 0.039 -0.210Stalk diameter, rr7PS9 -0.080 0.000
Stalk density, r67P62 0.000 0.667correlation, r27 0.851 1.072
Residual (Px2) 0.239 0.000
1 - (Px2)2 0.943 1.000
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to increase both stalk and stalk diameter. The additive genetic 
correlations showed both stalk height and stalk number highly associated 
with cane yield whereas stalk density was strongly, negatively 
correlated with cane yield. Separating the direct effects from the 
correlation coefficients revealed a different ordering of importance. 
Only stalk number increased cane yield at the direct genetic level, and 
stalk height and stalk density exerted a moderate, negative effect on 
cane yield. The large indirect effects of stalk height on cane yield 
through its associations with stalk density and stalk number accounted 
for the moderately negative direct effect. Stalk diameter did not 
exhibit any relationships in the path system.
The direct genetic effect of stalk height on cane yield was 
negative and larger than , its positive phenotypic direct effect. This 
situation suggests the direct effect between stalk height and cane yield 
was affected by nonadditive genetic and/or environmental effects to the 
extent of changing magnitude and direction in the relationship. The 
genetic direct effect of stalk density on cane yield was much larger 
than its phenotypic direct effect implying a negative relationship 
between cane yield and the nonadditive genetic and/or environmental 
effects of stalk density. The genetic and phenotypic direct effects of 
stalk number on cane yield revealed additive genetic effects controlling 
this relationship. The phenotypic and additive genetic models 
incorporating stalk height, stalk diameter, stalk density and stalk 
number accounted for 94.3% and 100.0% of the variation in cane yield, 
respectively.
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Narrow-sense Heritability and Genetic Gain
Narrow-sense heritability is the degree to which a trait is 
transmitted from parent to offspring (breeding value) and is expressed 
as the ratio of additive genetic variance to the total phenotypic 
variance. Narrow-sense heritabilities (based on two years and three 
replications per year) for sucrose yield and cane yield were low, 
indicating yield component breeding might be effective for these yield 
parameters (Table 6). Emphasis on stalk number could more effectively 
increase cane yield than breeding for cane yield itself. Brix, purity 
and pith exhibited relatively high narrow-sense heritabilities, 
indicating a moderately high probability of obtaining high sucrose 
progeny from crosses of parents with high Brix, high purity and low 
pith. The moderately high narrow-sense heritability for sucrose 
concentration suggests yield component breeding may not be necessary in 
this situation. However, pith also causes milling problems and should 
be given serious consideration during the development of hybridization 
strategies.
The AGCV provides a method to compare genetic variability among 
traits. Sucrose yield, cane yield, and its component stalk number had a 
relatively large genetic variability, 0.119, 0.116 and 0.158,
respectively (Table 6). Sucrose concentration and its components Brix 
and purity had relatively low genetic variability, 0.069, 0.033 and
0.027, respectively. Pith exhibited the greatest genetic variation with 
a value of 0.389. The large AGCV fox pith suggests the presence of a 
large number of progeny with pith. Since pith is highly heritable 
(h2=0.487), a more effective screening against pith in the elite parent 
breeding population is suggested. The remaining traits had low or zero
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Table 6. Narrow-sense heritability, additive genetic coefficients 
of variation, additive genetic advance and means for the traits.
































additive genetic coefficients of variation. The population studied 
represented a mildly selected population obtained from a first line 
trial testing stage. Individual cultivars are advanced from the single 
stool stage to the first line trial testing stage by emphasizing 
selection criteria for high Brix, low pith, commercially acceptable 
diameter ( 2 - 3  cm) and overall general agronomic type. This regimen of 
selection likely slightly decreased the additive genetic coefficients of 
variation for sucrose concentration, its components and stalk diameter. 
Hogarth et al. (1981) in Hawaii reported the highest genetic variability 
for stalk number and stalk volume (both were highly correlated with cane 
yield). They concluded that progress in breeding for higher sucrose 
yield would be made most likely by emphasizing higher cane yield over 
greater sucrose concentration. The data presented here also suggest 
emphasis of cane yield over sucrose concentration will best improve 
sucrose yields in Louisiana. Breaux (1984) reported that the recurrent 
selection programs in Louisiana to improve sucrose content had raised 
the average sucrose recoveries in Louisiana to tropical levels. His 
data suggest that selection for high sucrose concentration might still 
be effective in subtropical areas since selection is practiced on an 
ascending maturity curve where cultivars show more variation for juice 
quality than in tropical areas. Breaux (1984) also indicated that 
further progress in improving juice quality in Louisiana will be more 
difficult but is still possible. For the data reported here, the high 
genetic variability for cane yield and the lower genetic variability for 
sucrose concentration imply that increased sucrose yield will likely 
result from selection of cane yield and its component stalk number
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primarily, followed by selection for sucrose concentration and its 
components.
Additive genetic advance (AGA) under selection depends on the 
amount of genetic variability in the base population; the masking effect 
of the environment and the interaction components of variability oh the 
genetic variability; and the intensity of selection (Allard, 1960). 
Additive genetic advance for pith was large (Table 6). Moderate 
additive genetic advance values were seen with stalk number, cane yield 
and sucrose yield. All other traits showed smaller or zero additive 
genetic advance values.
Stoury
For the first time, a set of cause and effect relationships 
determining sucrose yield have been subjected to additive genetic 
path-coefficient analysis in sugarcane. Additive genetic 
path-coefficient analysis revealed cane yield as the main contributor to 
sucrose yield followed by sucrose concentration. High Brix, high purity 
and low pith selection criteria will best increase sucrose concentration 
in potential new sugarcane cultivars. Parents with high stalk number 
will most likely increase progeny cane yield. Stalk height and stalk 
density decreased cane yield. Sucrose concentration and its components, 
Brix, purity and pith, exhibited high narrow-sense heritability. 
Potential future gains in sucrose yield will most likely result from 
emphasis on cane yield and its component stalk number. Relatively 
moderate additive genetic coefficient of variation values for sucrose 
concentration suggest progress toward increased sucrose yield from it as 
well.
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Decisions in the Louisiana sugarcane breeding crossing program at 
Baton Rouge, Louisiana are augmented by a computer algorithm (PARCHAR). 
Cultivars in the crossing program are scored (1 = high, 10 = low) for 
sucrose concentration, cane yield, stalk number, stalk diameter and 
stalk height. Diseases, insect pests, cane fiber content and harvesting 
characteristics are also scored and used in the decision making process 
of parental selection for crossing. Currently, the computer algorithm 
assumes all traits are completely heritable (hB = 1.00) because
narrow-sense heritability estimates for the sugarcane traits of the 
Louisiana sugarcane breeding population have not been incorporated into 
the program or previously estimated. Furthermore, the algorithm does 
not weight the components of sucrose yield in decision making processes. 
The data presented here offer a means of weighting the components of 
sucrose yield based on additive genetic path-coefficient analysis and 
narrow-sense heritability results. For example, stalk number should 
receive greater emphasis in decision-making processes because of its 
moderately high narrow-sense heritability and large additive genetic 
direct effect on cane yield in hybridization. On the other hand, pith 
should be added to decision-making criteria due to its high 
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GENERAL CONCLUSIONS
A study was designed to estimate the relative effects of the 
components of sucrose yield on sucrose yield in both selection and 
crossing. Four progeny from each of twenty crosses were planted in a 
randomized complete-block design (three blocks) at St. Gabriel, 
Louisiana. The eighty randomly selected progeny were representative of 
a first line trial testing stage of the Louisiana sugarcane breeding 
program. Data were collected in the plantcane, first ratoon and second 
ratoon crops in 1986, 1987 and 1988, respectively. The variables
studied were: sucrose yield, cane yield, sucrose concentration, Brix,
purity, stalk weight, stalk number, stalk height, stalk diameter, stalk 
density, stalk volume and pith.
Phenotypic and broad-sense genotypic correlations were estimated 
for all traits and subjected to path-coefficient analysis. Results 
revealed that cane yield was more important than sucrose concentration 
in the determination of sucrose yield. The small indirect effects of 
cane yield and sucrose concentration on sucrose yield suggest tandem 
selection for cane yield and sucrose concentration in the positive 
direction is achievable.
The components of sucrose concentration, Brix, purity and pith, 
indicated that increases in sucrose concentration would result from the 
selection emphasis of high Brix and low pith. The indirect effects of 
Brix and purity on sucrose concentration through their association with 
pith indicated that selection for cultivars high in pith result in low 
Brix and purity and, ultimately, low sucrose concentration.
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Stalk number over stalk weight was the main determining factor of 
cane yield. These data also indicate no major association between stalk 
number and stalk weight. Other studies have reported stronger 
associations between stalk number and stalk weight or stalk diameter, a 
component of stalk weight. However, in a mildly selected population, 
such as first line trials, no compromise between stalk number and stalk 
weight would be necessary.
The components of stalk weight used in this study were stalk volume 
and stalk density. Clearly, stalk volume was the main component 
determining stalk weight. Stalk density had a small, but positive, role 
in determining stalk weight and cane yield which was concordant with 
other studies.
Stalk diameter and stalk height formed the cause and effect 
relationship determining stalk volume. Stalk diameter was more 
important than stalk height in determining stalk volume. Stalk diameter 
and stalk height failed to account for all of the variation in stalk 
volume indicating the complete cylinder assumption for estimating stalk 
volume from stalk diameter is inadequate.
An analysis of narrow-sense variation was studied to facilitate 
decisions made in hybridization. Low narrow-sense heritability for 
sucrose yield indicated that yield component breeding may be useful. 
Logarithmically transformed additive genetic correlations were 
calculated for the traits and subjected to path-coefficient analysis. 
Cane yield and sucrose concentration form a multiplicative cause and 
effect relationship resulting in sucrose yield. Positive genetic direct 
effects revealed that cane yield, followed by sucrose concentration, was 
the main component determining sucrose yield. Small negative indirect
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effects indicated that a hybridization program could utilize both cane 
yield and sucrose concentration to increase sucrose yield.
Both sucrose concentration and cane yield were further defined in 
cause and effect relationships. High Brix, high purity and low pith 
parents will best produce progeny with sucrose concentration. However, 
the moderately high narrow-sense heritability for sucrose concentration 
indicates yield component breeding for this component would be 
ineffective. However, since pith has detrimental effects during 
milling, establishing an elite parental breeding population with low 
pith would help to decrease pith in progeny populations. The cause and 
effect relationship for cane yield was defined using stalk height, stalk 
diameter, stalk density and stalk number. Genetic direct effects 
established stalk number as the only positive contributor to cane yield 
in a hybridization program.
Additive genetic coefficients of variation and additive genetic 
advance under selection were used as measures of future potential gains
APPENDICES
Appendix 1. Logarithmically transformed additive genetic variances and covariances for the progeny
population over three years.
Sucrose Cane Sucrose
yield yield concen.
Brix Purity Stalk Stalk Stalk Stalk Pith


















.01876 -.00270 -.00223 -.00035 .02350 .00280 -.00448 -.00152 .00434
.01675 -.00901 -.00481 -.00275 .02380 .00337 -.00575 -.00187 .02948
.00592 .00234 .00232 .00065 -.00037 .00117 .00029 -.02543
.00115 .00091 .00045 -.00069 .00028 .00017 -.01091
.00086 .00023 .00017 .00052 .00007 -.00910
.02629 .00309 -.00487 -.00185 .01222




Appendix 2. Logarithmically transformed broad-sense genotypic variances and covariances for the progeny



















yield .1804 .1652 .0153 .0079 .0046 .0308 .1345 .0218 .0023 .0020 .0289 - .0033
Cane
yield .1646 .0009 .0013 -.0002 .0312 .1332 .0206 .0048 .0001 .0311 .0085
Sucrose
concen. .0144 .0067 .0048 -.0004 .0016 .0013 -.0025 .0019 -.0023 - .0121
Brix .0034 .0020 -.0006 .0020 .0004 -.0012 .0009 -.0015 -.0065
Purity .0017 .0001 -.0002 .0005 -.0008 .0006 -.0005 -.0036
Stalk
weight .0284 .0026 .0098 .0084 -.0002 .0286 .0092
Stalk
number .1307 .0107 -.0036 .0004 .0022 - .0012
Stalk
height .0080 -.0001 .0002 .0096 .0073
Stalk
diameter .0055 -.0014 .0097 .0044
Stalk




















yield .2765 .2449 .0322 .0144 .0108 .0594 .1852 .0326 .0068 .0107 .0488 .0069
Cane
yield .2391 .0068 .0045 .0012 .0580 .1802 .0295 .0093 .0091 .0489 .0165
Sucrose
concen. .0254 .0099 .0095 .0017 .0053 .0034 -.0025 .0016 .0001 -.0098
Brix .0052 .0029 .0006 .0039 .0013 -.0011 .0010 ■-.0004 -.0059
Purity .0041 .0006 .0008 .0011 -.0008 .0004 .0002 -.0025
Stalk
weight .0509 .0066 .0147 .0126 .0089 .0419 .0110
Stalk
number .1738 .0145 -.0035 .0001 .0064 .0050
Stalk
height .0129 .0007 .0004 .0144 .0101
Stalk
diameter .0081 -.0014 .0140 .0041
Stalk











concen. Pr>F Brix Pr>F Purity Pr>F
Stalk
weight Pr>F
Rep 2 .347 .038 .316 .026 .152 .001 .035 .001 .022 .001 .419 .001
Year 1 7.231 .001 4.812 .001 16.531 .001 1.202 .001 3.521 .001 2.595 .001
Genotype 79 1.095 .001 .992 .001 .090 .001 .021 .001 .011 .001 .172 .001
Gen*Year 79 .145 .031 .101 .001 .022 .001 .004 .001 .005 .001 .030 .177











volume Pr>F Pith Pr>F
Rep 2 .042 .419 .192 .001 .025 .001 .009 .445 .319 .001 .018 .836
Year 1 .061 .329 .319 .001 .096 .001 .005 .531 2.375 .001 .787 .013
Genotype 79 .789 .001 .048 .001 .034 .001 .012 .602 .186 .001 1.114 .001
Gen*Year 79 .063 .063 .007 .071 .005 .001 .012 .213 .019 .074 .122 .115
Error 318 .048 .005 .003 .011 .015 .100
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